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ease. Estimates for Sweden show that these complications account for three-quarters of the cost of diabetes, and that this share has been constant over the last decades [6, 7] .
Cardiovascular disease accounts for the main part of the cost of chronic complications. In the USA, cardiovascular disease accounts for two-thirds of the cost of long-term complications of diabetes and two-thirds of all deaths attributed to diabetes [5] . Prevention of cardiovascular complications due to diabetes thus have the potential to both reduce health care costs and to improve survival.
The risk of cardiovascular disease is substantially higher in diabetic patients compared with non-diabetic patients [8] . Among subjects who have survived a myocardial infarction (MI), patients with diabetes have an increased risk of mortality and re-infarction compared with non-diabetic patients [9] . The increased coronary risk in diabetic patients is in part explained by adverse effects of diabetes on lipid concentrations and other cardiovascular risk factors. Thus, interventions aimed at improving the risk factor profile possibly have a greater relative impact on mortality and morbidity among diabetic patients with a previous MI or angina or both than among non-diabetic patients [10] .
Clinical results from the diabetic subgroup in the Scandinavian Simvastatin Survival Study (4S) based on clinical history have been published previously, showing a 55 % reduction in the risk of coronary death and non-fatal MIs in patients treated with simvastatin [10] . In 1997, a new classification scheme for diabetic patients was developed by the American Diabetes Association (ADA). In the new scheme, a patient is classified as diabetic if the fasting glucose (FG) is equal or greater than 7.0 mmol/l or if the patient is classified as diabetic based on clinical history. Patients with FG between 6.0±7.0 mmol/l are classified as having impaired fasting glucose (IFG), while those with FG below 6.0 mmol/l are classified as having normal fasting glucose (NFG). Using this scheme to classify patients in 4S showed substantial and considerable benefit of simvastatin treatment to both diabetic and patients with IFG on coronary heart disease (CHD) events and revascularization. In addition, significant decreases in mortality and severe coronary events were observed in subjects with IFG who were treated with simvastatin [11] .
The purpose of this study was to investigate the cost-effectiveness of cholesterol lowering with simvastatin in diabetic patients with coronary disease, using data from the 4S. This study collected outcome data necessary for an economic evaluation and previous analyses evaluating the entire cohort and subgroups defined by age, sex and baseline cholesterol have been published [12±14] . Our analysis evaluated the impact of simvastatin on resource consumption and cost-effectiveness in diabetic patients using clinical history and the ADA criterion.
Subjects and methods
The Scandinavian Simvastatin Survival Study (4S) was a double-blind, randomized and placebo controlled study, carried out at 94 centres in the ªfive Nordic countriesº Denmark, Finland, Iceland, Norway and Sweden. The study included 4444 men and women aged 35±70 years with a prior MI or angina or both. Patients were randomized to treatment with simvastatin 20 to 40 mg or placebo, and the drug was titrated to reach a total cholesterol concentration of 5 mmol/l. Total cholesterol at baseline ranged 5.5±8.0 mmol/l and the median follow up time was 5.4 years. The primary endpoint was all-cause mortality and the secondary endpoints were death from CHD and non-fatal MI.
Diabetic patients were identified using two different classification schemes: based on clinical history alone and in combination with the ADA criterion. Using the criteria in place when the study was designed, 202 of the 4444 patients (4.5 %) were originally classified as diabetic by the investigator based on clinical history. Of the 202 diabetic patients, 12 % were treated with insulin, 39 % with oral hypoglycaemic drugs and 50 % with diet only. A second classification scheme was based on the ADA definition. Fasting blood glucose concentrations were available at randomization for 4398 of the 4444 patients in 4S. 483 patients (11 %) were classified as diabetic based on either clinical history or FG concentrations of at least 7.0 mmol/l. For 678 patients FG was greater than 6.0 mmol/l, but less than 7.0 mmol/l, and these were classified as IFG. The remaining 3237 patients were classified as NFG. A description of the patients according to the two classification schemes is in Table 1 .
For subgroups defined with both classification schemes, the number of life-years gained was calculated as the difference in the mean estimated remaining life expectancy between patients randomized to treatment with simvastatin or placebo. For each treatment, the mean survival time during the first 5.5 years of the trial was estimated by the area under the Kaplan Meier survival curve. Life expectancy beyond 5.5 years was based on the estimated Kaplan Meier survival probability at 5.5 years and an average remaining life expectancy for the survivors (assumed to be independent of treatment). Based on actuarial data an average life expectancy of 10 additional years is assumed for NFG patients who survived after 5.5 years of the trial [15] . A number of studies have shown the relative risk of mortality in coronary patients is roughly twice as great for patients with diabetes vs those without diabetes [8, 9, 16±18] . Based on these data, 5 additional years were assumed for diabetic patients who survived to the end of the trial. Patients with IFG were assumed to survive 7.5 additional years. These assumptions were varied in sensitivity analyses to determine their impact on the overall results. For discounting purposes only, mortality beyond 5.5 years was assumed to occur at a constant rate.
Data on hospitalizations for cardiovascular problems and simvastatin dosage were collected prospectively in 4S, and were used to derive the average cost per patient during the trial. The number and rate of hospitalizations per 1000 patients were estimated for patients randomized to treatment with simvastatin or placebo according to diabetic status. Confidence intervals for the difference in the rate of hospitalizations per 1000 patients were computed using the empirical limits of 1000 bootstrap re-samples for each subgroup [19] . The costs for hospitalizations were calculated by classifying hospitalizations according to the diagnosis-related group (DRG) system. The estimated total cost for hospitalizations was obtained for each patient by summing the costs of all hospitalizations, based on the relevant DRG weight for each hospitalization.
The cost of simvastatin was based on the daily dosage prescribed during the follow-up period. For each patient randomized to treatment with simvastatin, the daily cost was calculated and accumulated over the time the patient was in the trial. The total cost for patients randomized to treatment with simvastatin was taken as the sum of the costs for hospitalizations and simvastatin therapy. The per cent offset in the cost of study medication due to reductions in the cost of hospitalizations was estimated based on the average cost of simvastatin per patient and the difference in the average per patient cost for hospitalizations. The net cost for patients randomized to treatment with simvastatin was also estimated and 95 % confidence intervals were obtained using the bootstrap method.
The base case analysis was undertaken using costs for Sweden, the country that contributed most of the patients to the trial. Additional analyses were done with hospitalization and drug costs from 10 other European countries to determine the impact of local drug and hospitalization costs on the overall results. (The unit costs for each country evaluated in these analyses are available from the authors.) The most recently available unit cost data were used (ranging from 1995 to 1997, depending upon the country, for DRG weights). Due to the lack of a relevant price index for DRGs and the low general inflation, no attempt was made to correct for potential price changes over time.
Cost-effectiveness is a form of economic evaluation of health care programmes where cost is related to a measure of outcome in terms of physical units such as ªyears of life gainedº.
The method used to calculate the cost-effectiveness ratio is the same as described in a previous cost-effectiveness study of all patients in the 4S study [12] . The cost of the intervention, simvastatin, minus savings from a reduction in the costs of hospitalizations for CHD, is related to the number of life years gained from the reduction in mortality. Costs in added years of life are not considered in order to allow comparison with previous and other studies [20] . The intervention is defined as cost-effective if the cost-effectiveness ratio, the cost per life year gained, is below a threshold value of 200 000 SEK (22 000ECU) [13] .
Cost-effectiveness ratios were estimated as the ratio of the incremental cost to the gain in life years for patients randomized to treatment with simvastatin compared with placebo. Scatterplots of the incremental cost vs incremental life years gained were made based on 1000 bootstrap re-samples for each subgroup. For each bootstrap replicate the cost-effectiveness ratio was computed. For each subgroup, a 95 % confidence interval for the ratio was constructed using the empirical limits of 1000 bootstrap re-samples [21] . (By taking into account the sign of the numerator and denominator in the bootstrap re-samples of the incremental cost-effectiveness ratio, this method essentially resulted in an interval that contained 47.5 % of the points that lie in a counter-clockwise rotation from the full sample estimate and 47.5 % of the points that lie in a clockwise rotation.) The probability that the cost-effectiveness ratio would fall below 100 000 Swedish Krona (SEK), 150 000 SEK and 200 000 SEK per life year saved was also estimated using the bootstrap replicates. A 3 % annual discount rate was applied to future costs and benefits.
Results
The survival probability at 5.5 years was estimated for patients randomized to receive simvastatin or placebo according to the two diabetes classification approaches (Table 2) . Simvastatin increased the survival probability in all subgroups. Based on the 95 % confidence interval for the difference in survival at 5.5 years, the estimated gains (Table 2 ) with simvastatin were significant (p < 0.05) except for the diabetic subgroup based on the ADA criteria (where the 95 % confidence interval for the difference contains zero). The IFG patients who received placebo had a survi- val probability between that of the NFG and the diabetic patients. Among those who received simvastatin, however, the IFG patients had the highest survival probability. Consequently, the gains from therapy were the largest for the IFG subgroup although confidence intervals for the treatment effect overlapped across the three subgroups defined by the ADA guidelines. The projected survival time was based on the Kaplan-Meier mean follow-up to 5.5 years during trial and projected life expectancy beyond the trial for those surviving to 5.5 years (Table 3) . For all subgroups, patients treated with simvastatin had a longer projected survival time than patients who received placebo. A similar survival time was projected for diabetic patients treated with simvastatin with the two classification schemes. For patients receiving placebo, a longer survival time was projected for the diabetic patients defined by ADA. Consequently, the gain in survival with simvastatin was greater for the diabetic patients defined by clinical history. With the ADA classification, simvastatin yielded the greatest gains in survival time among the IFG group. Because of the higher survival probability at 5.5 years among the subgroups treated with simvastatin, the benefit of simvastatin in survival increased when a longer life expectancy was assumed for all survivors at the end of the trial.
The number of hospitalizations, including cardiovascular procedures such as coronary artery bypass graft (CABG) and percutaneous transluminal coronary angioplasty (PTCA), is in Table 4 . Simvastatin reduced the number of hospitalizations during the trial in all subgroups by 23 to 40 %. Reductions were the greatest for the diabetic group, with 393 and 472 fewer hospitalizations per 1000 patients for the clinical history and ADA defined groups, respectively. Table 5 shows the estimated hospital costs, intervention costs and cost offsets using Swedish unit costs. When comparing the intervention costs for simvastatin with the savings in costs due to fewer hospitalizations, the per cent of intervention costs offset was highest in the diabetes groups (67 % and 76 % cost-offset for classification based on clinical history and ADA, respectively). Table 6 shows the cost-effectiveness ratio for Sweden and other European countries using both criteria for diabetes. All cost-effectiveness ratios are expressed in national currencies as well as Euros (ECU), converted at current exchange rates to allow comparison. Estimates of cost per life-year gained were favourable for simvastatin in all the evaluated countries. In Sweden, estimates ranged from 1554 ECU for the diabetic subgroup (based on clinical history) to 7345 ECU for the NFG subgroup (based on ADA criteria). Because of the substantial cost offsets for the diabetes subgroup, the resulting estimates for cost per life-year gained were lower for the diabetic subgroups than for the non-diabetic subgroups. These results hold regardless of which criteria was used to classify patients according to their diabetic status. The estimated cost-effectiveness of simvastatin in the IFG group was lower than that for the NFG and diabetic subgroups.
In the other evaluated countries, intervention with simvastatin showed a favourable cost-effectiveness ratio independent of differences in local health care unit costs. In three countries (Norway, France and Belgium) simvastatin therapy in diabetic patients was cost saving. As the same utilization and survival estimates were used across all of the evaluated countries, remaining differences in estimates of cost per life-years gained were due to variations in the relative cost of hospitalizations and simvastatin across the countries.
When subgroup analyses are undertaken, the uncertainty in estimates is typically increased due to the smaller effective sample sizes. To show the magnitude of the uncertainty in the estimates of cost-effectiveness, two types of analyses are presented. The first analysis is based on the variability of bootstrap replicates and the resulting 95 % bootstrap confidence intervals for the different sub-groups using Swedish cost data (Figs. 1, 2) . The figures show the greater concentration of bootstrap replicates for the non-diabetic, NFG and IFG subgroups (Figs. 1 A, 2 A, 2B) relative to the diabetic subgroups (Figs. 1B, 2  C) . Consequently, the 95 % confidence intervals are narrower for these subgroups and are contained within the upper right-hand quadrant (where incremental costs and benefits are positive). For the diabetic subgroups, the spread of the bootstrap replicates indicate uncertainty associated with the direction of both the incremental cost and the estimates of life-years saved (see also 95 % confidence intervals in Tables 3 and 5 ). The resulting 95 % confidence intervals for the incre- mental cost-effectiveness ratio are wide in order to contain 95 % of the bootstrap replicates, with limits extending from the upper left-hand quadrant (with increased cost and decreased benefit associated with simvastatin) to the lower right-hand quadrant (with decreased cost and increased benefit). Only the lower left-hand quadrant (with decreased cost and decreased benefit) is excluded. The second approach to assessing uncertainty is based on the estimated probability the cost-effectiveness ratio falls below a given threshold used for establishing a cost-effective therapy. In Sweden, a threshold value of 200 000 SEK per-life year gained is often used to establish cost-effectiveness for prevention. At this threshold, there is a high probability that in- tervention with simvastatin would be cost-effective, with estimates ranging from 0.75 to 0.98 for the various subgroups (Table 7) . Even if a threshold of 100 000 SEK per-life year gained is used, the probabilities remain high that the simvastatin therapy will be considered cost-effective. The smaller probability associated with the diabetic subgroup (ADA classification) is due to the greater uncertainty in the magnitude of the life expectancy gains resulting from the smaller sample size.
Discussion
In 4S, patients with diabetes had a lower probability of survival than non-diabetic patients regardless of the classification used for diabetes. In addition to the 202 patients diagnosed as diabetic by clinical history, 281 additional subjects met ADA criteria by FG equal or greater than 7.0 mmol/l. When comparing the two classifications used, the probability of survival in the placebo group was lower in the diabetic group based on clinical history alone than in the extended group of diabetic patients with FG equal or greater than 7.0 mmol/l. The difference in survival, however, was negligible between the two groups of diabetic patients treated with simvastatin. Thus, when using the ADA classification criteria for diabetes, the gain in life expectancy from treatment was smaller than that based on clinical history. It is difficult to explain this difference, which very well could be due to chance because of the small sample and great variation observed.
For the placebo patients who met the criteria for IFG with FG between 6.0 mmol/l and 7.0 mmol/l, hospitalization rates, costs and estimates of survival fell between the diabetic and the non-diabetic group. For the simvastatin treated patients, however, this group showed a lower rate of hospitalization and total cost and a higher probability of survival than NFG patients, which was contrary to expectations. Again, this could very well be explained by the small sample size for the subgroup.
Diabetic patients were hospitalized for cardiovascular reasons more frequently than non-diabetic patients. Patients receiving simvastatin were hospitalized less frequently regardless of diabetic status, with greater reduction for the diabetic than non-diabetic populations. Consequently, the absolute reduction in the number of hospitalizations, and thus the cost offsets, were greater with intervention among diabetic than non-diabetic patients. This effect was accentuated with the ADA criteria for diabetes and the difference between IFG and diabetic patients was greater than between NFG and IFG patients. Since the intervention cost were very similar among subgroups over the follow up period, differences in hospital cost offsets resulted in a much lower net cost for the diabetic group.
Despite slightly lower gains in life expectancy in the diabetic group classified by ADA, the cost effectiveness results for diabetic subjects was consistently lower than for non-diabetic people independent of the classification scheme used. If we used the original definition of diabetes, the cost-effectiveness in the diabetic population would be much better than in the non-diabetic population. With the ADA classification, the gain in life expectancy was slightly lower in the diabetic group, but cost-effectiveness was still better in the diabetic population due to the substantially lower net cost. The cost-effectiveness for the diabetic sub-population was better than for the non-diabetic population, by either criterion, but the results were also more variable due to the smaller sample size. The confidence interval was rather narrow for the non-diabetic population. For the non-diabetic population the cost-effectiveness ratio was similar to what had been estimated for the whole 4S population [12] . We assumed that among patients with heart disease, those with diabetes have shorter life expectancy than those who are non-diabetic. The estimates were uncertain, and a sensitivity analysis was done to investigate the importance of this assumption. The conclusions about the better cost-effectiveness for diabetic patients were not affected by different assumptions about survival after the end of the trial, but the absolute level of the cost per life-year gained were affected. A longer life expectancy at the end of the trial reduced the cost per life-year gained.
Estimates for cost-effectiveness based on 4S resource utilization and local unit costs, were generated in 10 other European countries to evaluate the impact of variations in local hospitalization and drug costs on the results of these analyses. The interpretation of these results, however, must take into consideration that they were based on Scandinavian hospital admission data and procedure rates. It had been shown previously that the pattern of resource consumption did not differ much between the five Nordic countries participating in the study [12] . Thus we feel confident in applying unit costs in these countries to the aggregated resource consumption in the trial. For the non-Nordic countries, the validity of the results depended on the similarity of local patterns of hospital admission and procedure use to what had been observed in 4S. The rates of PTCAs in the countries participating in 4S are similar to the European average; however, rates of CABGs in some countries are slightly higher than in Europe as a whole. These differences should be taken into consideration when interpreting these results.
The results of cost-effectiveness for all the evaluated countries were highly favourable, there were differences in the estimates of actual cost per life-years gained. Given that the same survival and utilization data from the trial were used across all these countries, differences in costs per life-years gained, after converting national currencies to Euros, were due to differences in unit costs for hospitalizations relative to simvastatin. Since international trade reduces the variation in international drug prices, variations in the estimates of cost per life-years gained were largely driven by differences in hospitalization costs. In general we expected richer countries to have a lower cost-effectiveness ratio, since wages, the major part of hospital costs, are higher in relation to the price of the drug. In countries with a lower GDP per capita, hospital costs are relatively lower.
The cost-effectiveness ratios can be compared with other interventions aimed at reducing longterm complications due to diabetes. For subjects with Type I (insulin-dependent) diabetes, studied within the Diabetes Control and Complications Trial, an incremental cost per life-year gained of US$ 28 661 (~229 000 SEK; US$ 1~8 SEK) was reported [22] . For Type II (non-insulin-dependent) diabetes, the incremental cost per quality adjusted life-year gained was estimated to be US$ 16 000 (~128.000 SEK) [23] . Even though it is difficult to directly compare those studies with ours, the cost-effectiveness of lipid lowering as secondary prevention appeared to be more cost-effective than treatment of Type II diabetes with the goal of normoglycaemia.
In this analysis the cost and differential benefit of treatment with simvastatin was limited to the trial period. Gains in life expectancy beyond the trial period were due only to the greater survival probability at 5.5 years in the trial. While it is clearly not recommended to stop treatment with simvastatin after 5.5 years, we chose not to make assumptions about the continuation of differential survival benefit associated with and subsequent cost of simvastatin therapy in this analysis.
These data confirm previously published data showing that in all the evaluated subgroups in 4S, cholesterol reduction with simvastatin was highly cost-effective. While the care of diabetic subjects in 4S cost less per life-year gained than the non-diabetic patients, the cost-effectiveness of care for non-diabetic patients was still within the range generally considered to be extremely cost-effective when compared with other medical interventions. We obtained less precise results for the diabetic cohort because of its small size than for the non-diabetic group. These results did not depend on the criteria used for diabetes. When the diabetic patients were removed from the analysis, simvastatin continued to be cost-effective in patients with cardiovascular disease. Based on the results of 4S, cholesterol lowering with simvastatin provided good cost-effectiveness in both diabetic and non-diabetic patients with cardiovascular disease.
